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(57) ABSTRACT

A method of archiving audio/video content is presented. In
the method, a plurality of audio/video content streams is
received. Each of the received audio/video content streams
is indexed according to time. Each of the indexed audio/
video content streams is transferred to a data storage system
for storage. A request for a portion of one of the stored
audio/video content streams associated with a time period is
received. The requested portion of the one of the stored
audio/video content streams is retrieved from the data stor-
age system. The requested portion of the one of the stored
audio/video content streams is transferred.

19 Claims, 7 Drawing Sheets
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1
AUDIO/VIDEO ARCHIVING SYSTEM AND
METHOD

PRIORITY CLAIM

This patent application is a Continuation of U.S. Non-
Provisional patent application Ser. No. 12/568,379, filed
Sep. 28, 2009, published as U.S. Publication No. 2010/
0082635, entitled “AUDIO/VIDEO ARCHIVING SYS-
TEM AND METHOD,” which claims the benefit of U.S.
Provisional Application No. 61/100,982, entitled “AUDIO/
VIDEO ARCHIVING SYSTEM AND METHOD”, and
filed Sep. 29, 2008, which is hereby incorporated herein by
reference in its entirety.

BACKGROUND

Broadcast audio/video distribution systems, such as cable
broadcast television networks, satellite broadcast television
systems, and the like, facilitate the delivery of hundreds of
audio/video programming channels to millions of viewers in
the United States, as well as many millions more worldwide.
As aresult, consumers currently enjoy unprecedented access
to numerous audio/video programs, including, but not lim-
ited to, sporting events, news programs, motion pictures,
television series episodes, and special presentations.

Given the enormous amount of audio/video content typi-
cally available through such a system, viewer complaints
regarding the nature of the content often result. For example,
charges of indecent, obscene, slanderous, or otherwise
improper broadcast content are often leveled at the source
and/or distributor of the content. Since much of this content
is not replayed a second time over the same distribution
system, access to verifiable proof of the nature of the content
in question, such as a recording captured via a digital video
recorder (DVR) or video cassette recorder (VCR), is often
difficult to obtain despite the large number of potential
consumers viewing the content at the time the content was
aired.

To facilitate access to previously-aired content, some
countries have enacted legislation requiring audio/video
broadcast content distributors to maintain a reviewable copy
of all content they have broadcast over some immediately
preceding period of time, such as a few days or weeks, at all
times. Currently, individual television stations, each of
which is responsible for one, or perhaps two, audio/video
streams, capture such information on an ongoing basis by
recording their outgoing audio and video signals just prior to
transmission. Although such recording is sometimes per-
formed at a video resolution lower than what was originally
broadcast, a significant amount of data is still involved. With
such a requirement being imposed on cable and satellite
television distributors, each of which may broadcast hun-
dreds of channels, the vast amount of data required to be
recorded at any particular point in time, as well as the total
amount of storage necessary, is onerous.

BRIEF DESCRIPTION OF THE DRAWINGS

Many aspects of the present disclosure may be better
understood with reference to the following drawings. The
components in the drawings are not necessarily depicted to
scale, as emphasis is instead placed upon clear illustration of
the principles of the disclosure. Moreover, in the drawings,
like reference numerals designate corresponding parts
throughout the several views. Also, while several embodi-
ments are described in connection with these drawings, the
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2

disclosure is not limited to the embodiments disclosed
herein. On the contrary, the intent is to cover all alternatives,
modifications, and equivalents.

FIG. 1 is a block diagram of an audio/video content
archiving system according to an embodiment of the inven-
tion.

FIG. 2 is a flow diagram of a method according to an
embodiment of the invention of archiving audio/video con-
tent.

FIG. 3 is a block diagram of an audio/video content
archiving device according to an embodiment of the inven-
tion.

FIG. 4 is a graphical representation of an indexed audio/
video content stream stored by the audio/video content
archiving device of FIG. 3.

FIG. 5A is a block diagram of an indexed audio/video
content archiving system during an archiving phase accord-
ing to an embodiment of the invention.

FIG. 5B is a block diagram of the indexed audio/video
content archiving system of FIG. 5A during a retrieval phase
according to an embodiment of the invention.

FIG. 6 is a block diagram of an indexed audio/video
content archiving system according to another embodiment
of the invention.

DETAILED DESCRIPTION

The enclosed drawings and the following description
depict specific embodiments of the invention to teach those
skilled in the art how to make and use the best mode of the
invention. For the purpose of teaching inventive principles,
some conventional aspects have been simplified or omitted.
Those skilled in the art will appreciate variations of these
embodiments that fall within the scope of the invention.
Those skilled in the art will also appreciate that the features
described below can be combined in various ways to form
multiple embodiments of the invention. As a result, the
invention is not limited to the specific embodiments
described below, but only by the claims and their equiva-
lents.

FIG. 1 is a block diagram of an audio/video content
archiving system 102 according to an embodiment of the
invention. The audio/video content archiving system 102 is
coupled with a data storage system 104 capable of storing
the audio/video content for possible subsequent retrieval.
While the data storage system 104 is shown in FIG. 1 as
being incorporated with the audio/video content archiving
system 102, the data storage system 104 may be supplied
separately and coupled to the audio/video content archiving
system 102 in other implementations.

The audio/video content may be any type of media
content incorporating audio and/or video elements.
Examples of the audio/video content include, but are not
limited to, movies, news programs, sporting events, episodic
programs, pay-per-view (PPV) events, and the like. The
audio/video content may be broadcast via satellite, cable, or
terrestrial (“over-the-air”) means, transmitted over a peer-
to-peer communication connection, transferred over an
Internet Protocol (IP) or other communication network, or
delivered in any other fashion to the user.

FIG. 2 is a flow diagram describing a method 200
according to an embodiment of the invention for archiving
audio/video content in the environment of the audio/video
content archiving system 102 of FIG. 1. However, other
audio/video content archiving systems other than that shown
in FIG. 1 may serve as the platform for executing the various
operations of the method 200 in other embodiments.



US 9,471,680 B2

3

In the method 200 of FIG. 2, the audio/video content
archiving system 102 receives a plurality of audio/video
content streams 110 (operation 202). The audio/video con-
tent archiving system 102 indexes each of the received
audio/video content streams 110 according to time (opera-
tion 204). The archiving system 102 transfers each of these
indexed audio/video content streams 112 to the data storage
system 104 for storage (operation 206). The archiving
system 102 receives a request 114 for a portion 116 of one
of the stored audio/video content streams 112 (operation
208). In response to the request 114, the audio/video content
archiving system 102 retrieves the requested portion 116 of
the one of the stored audio/video content streams 112 from
the data storage system 104 (operation 210) and transfers the
requested portion 116 (operation 212). While FIG. 2 indi-
cates a specific order of execution of the operations 202-212,
other possible orders of execution, including concurrent
execution of one or more operations, may be undertaken in
other implementations. In another embodiment, a computer-
readable storage medium may have encoded thereon instruc-
tions for a processor or other control logic to direct a device
to implement the method 200.

An example of an audio/video content archiving device
302 serving as part of a larger audio/video content archiving
system 300 according to one embodiment of the invention is
illustrated in FIG. 3. The device 302 may be any standalone
device, or may be incorporated in the form of software,
firmware, and/or hardware elements into another device,
such as a computer or communication device. The device
302 includes a communication interface 322, a data storage
interface 324, and control logic 306. Also, a data storage
system 304 is coupled with the data storage interface 324 of
the archiving device 302. In one implementation, the data
storage system 304 may be incorporated within, and thus
considered a part of, the audio/video archiving device 302 in
one implementation.

The communication interface 322 is configured to receive
a plurality of audio/video content streams 310. The received
audio/video content streams 310 may conform to any format
capable of carrying audio and/or video information. In one
example, each of the audio/video content streams 310 may
be a video stream encoded according to one of the Motion
Picture Experts Group (MPEG) standards, such as MPEG-2
or MPEG-4, although other video formats may be employed
in other implementations. Further, each of these audio/video
streams 310 may be transported by way of coaxial cable,
such as by way of an asynchronous serial interface (ASI)
protocol. In another embodiment, the audio/video content
streams 310 are received over an Ethernet interface or other
communication interface employing Internet Protocol (IP)
or other protocol capable of transporting the streams 310. In
addition, the communication interface 322 may be physi-
cally employed as a wired, wireless, optical, or other type of
communication interface.

The data storage interface 324 of the audio/video content
archiving system 302 may be any interface capable of
delivering audio/video streams to, and retrieving at least
portions of those streams from, the data storage system 304.
In one example, the data storage interface 324 may by an IP
interface coupled with a networked data storage system,
such as a storage area network (SAN) or other data storage
system employing an IP interface. Other interfaces capable
of transporting data to and from a data storage system, such
as the Small Computer System Interface (SCSI), may be
utilized in other implementations. Furthermore, the data
storage interface 324 may constitute a wired, wireless,
optical, or other type of communication interface.
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The data storage system 304 may be any data storage
system capable or storing audio/video streams for later
retrieval. In one example, the data storage system 304 may
include one or more magnetic disk drives arranged in any
configuration suitable for data storage and retrieval. In one
example, the data storage system 304 may incorporate a
redundant array of independent disks (RAID) storage system
to facilitate fast, fault-tolerant disk storage. Other magnetic
disk storage systems may be employed in further implemen-
tations. Additionally, other types of data storage, including,
but not limited to, optical disk storage, magnetic tape
storage, and solid state storage, such as flash memory, may
be employed in lieu of, or in addition to, magnetic disk
storage.

The control logic 326 of the archiving device 302 may
include any control circuitry capable of performing the
various tasks described below. For example, the control
logic 326 may be one or more processors, such as a
microprocessor, microcontroller, or digital signal processor
(DSP), configured to execute instructions directing the pro-
cessor to perform the functions discussed in detail below. In
another implementation, the control logic 326 may be hard-
ware-based logic, or may include a combination of hard-
ware, firmware, and/or software elements.

In operation, the control logic 326 is configured to index
each of the received audio/video content streams 310
according to time, and to store each of these indexed
audio/video content streams 312 in the data storage system
304 by way of the data storage interface 324. Such indexing
aids in locating and retrieving a particular portion of one of
the received audio/video context streams 310 upon request.
FIG. 4 provides a graphical representation of an indexed
audio/video content stream 412 according to one implemen-
tation. In this case, the control logic 326 has segmented
the stream 412 into multiple audio/video files AVF ,
AVF,, ..., AVF, of approximately the same data length. In
one example, each audio/video file AVF may be several
gigabytes (GB) in size. Also, each of the audio/video files
AVF may be named or labeled to indicate the source of the
stream 412 (such as a channel name), as well as the
particular segment of time associated with that portion of the
stream 412. Further, the control logic 326 may store such
information in a database, such as a file directory or catalog,
to facilitate subsequent searching of the particular requested
portion of the stream 412. In other embodiments, the audio/
video content stream 312 may constitute a single audio/
video file.

Each of the audio/video files AVF in FIG. 4 is further
indexed by way of multiple timestamps TS located through-
out the file AVF. For example, the first audio/video file AVF
includes a number of timestamps TS ,,, TS ,,, and so on. The
remaining audio/video files AVF are similarly indexed. In
one embodiment, each of the timestamps TS is a date/
timestamp, indicating both the date and time associated with
the following audio/video segment AV, wherein each of the
audio/video segments AV may be encoded according to one
of'the MPEG standards, as noted above. The timestamps TS
may instead incorporate other information identifying its
particular audio/video segment AV, such as a program iden-
tifier and frame number, or some other designation. In this
particular example, the first timestamp TS, of the first
audio/video file AVF , is associated with a first audio/video
segment AV ., the second timestamp TS, corresponds to
the second audio/video segment AV ,,, and so forth. Again,
the remaining audio/video files AVF are configured in a
similar manner.
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In a particular implementation, the timestamps TS incor-
porated within a particular audio/video file AVF may be
evenly-spaced therebetween, resulting in each of the corre-
sponding audio/video segments AV being approximately the
same data length. Such an arrangement may facilitate faster
searching and reading of the various timestamps TS within
the audio/video file AVF during retrieval of a requested
portion of the stored audio/video content stream 412.

Returning to FIG. 3, the control logic 326 of the archiving
device 302 is further configured to receive a request 314 for
a particular portion 316 of a previously indexed and stored
audio/video content stream 312 by way of the communica-
tion interface 322. In one embodiment, the request 314 is
received through the same connection of the communication
interface 322 by which the audio/video content streams 310
are received. In another example, the communication inter-
face 322 provides a different connection or port through
which the request 314 may be received.

In one example, the request 314 indicates the particular
programming channel or other source designation of the
stored audio/video content stream 312 of interest, along with
a starting time and time duration of that portion 316. Any
other methods by which a particular portion 316 of a specific
stored audio/video content stream 312 is indicated may be
employed in other implementations.

Upon receiving the request by way of the communication
interface 322, the control logic 326 retrieves the requested
portion 316 of the selected audio/video content stream 312
from the data storage system 304 by way of the data storage
interface 324. In the particular example of the indexed
audio/video content stream 412 of FIG. 4, the control logic
326 may search a previously generated database, as
described above, or preview the names of the audio/video
files AVF themselves, to ascertain which of the one or more
files AVF contains the requested portion 316 of the audio/
video stream 412 in question. In one embodiment, the
control logic 326 may then transfer the audio/video content
within each of the identified audio/video files AVF over the
communication interface 322 to a client device (not shown
in FIG. 3), such as the client responsible for issuing the
request 314.

In another example, the control logic 326 may search and
review at least some of the timestamps TS of the identified
audio/video files AVF of the selected audio/video content
stream 314 to more specifically determine the extent of the
requested portion 316 to reduce the amount of audio/video
data subsequently transferred over the communication inter-
face 322 to a client. The control logic 326 may then transfer
only those portions of the audio/video files AVF correspond-
ing to the requested portion 316 of the selected audio/video
stream 314 over the communication interface 322.

The communication interface 322 may transfer the
requested audio/video stream portion 316 over the same port
or connection by which the request 314 was received,
although the transfer of the portion 316 may not be limited
in such a manner. In another implementation, the requested
audio/video stream portion 316 may be transferred using the
same pathways of the communication interface 322 utilized
by the received audio/video streams 310. Also, the control
logic 326 may remove any timestamps TS or other indexing
data that were stored with the requested audio/video portion
316 on the data storage system 304 prior to transferring the
requested portion 316 over the communication interface
322.

The control logic 326 may employ any of a number of
methods for transferring the requested audio/video stream
portion 316. In one example, the control logic 326 may use
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the communication interface 322 to transfer to a client a
separate audio/video content stream encompassing only the
requested audio/video stream portion 316. Such a method
may be advantageous in the case the client possesses no or
limited buffer space for storing the requested portion 316
prior to presentation to a user. In another example, the
control logic 326 may cause the communication interface
322 to transfer the requested audio/video content portion
316 as one or more audio/video files to the client, which may
then buffer all or parts of the requested portion 316 prior to
displaying the audio/video portion 316 to a user.

FIGS. 5A and 5B depict another embodiment of the
invention: an audio/video content archiving system 500
including a number of audio/video archiving devices 502, an
example of which is the archiving device 302 of FIG. 3.
While the archiving system 500 of FIGS. 5A and 5B employ
at least three archiving devices 502, one or more archiving
devices 502 may be employed in other system embodiments.
The archiving system 500 further employs a data storage
system 504, similar to the data storage system 304 of FIG.
3 described above. FIG. 5A describes the reception and
storage of a plurality of audio/video content streams, while
FIG. 5B illustrates the retrieval and transmission of selected
portions of the previously stored streams, similar to the
process described above regarding FIG. 3.

In one example, an audio/video distribution center
employs the audio/video content archiving system 500 to
capture and store an audio/video stream associated with each
programming channel distributed by the distribution center
for possible subsequent retrieval. Examples of an audio/
video distribution center include a satellite uplink center for
a satellite television broadcast system, such as a direct
broadcast satellite (DBS) system. A satellite uplink center
typically receives numerous audio/video programming
channels from various sources, such as major broadcasting
networks, pay television services, and the like, by way of
satellite link, terrestrial link, and so on. The satellite uplink
center then distributes these signals by way of one or more
satellites to parabolic antennas and associated receivers
utilized by subscribers to receive the programming. Another
example of such a distribution center is a cable television
provider facility, which typically distributes its television
signals to its customer via coaxial cable.

In the specific example of FIG. 5A, each of multiple
MPEG audio/video encoders 509 produces an audio/video
content stream 510. Each of the encoders 509 may receive
an unencoded, uncompressed audio/video stream 501 from
a content source (not shown in FIG. 5A), such as a television
programming network. In one example, the audio/video
stream 501 is transported to its corresponding encoder 509
using a serial digital interface (SDI) often employed by
broadcasters for transfer of uncompressed audio/video sig-
nals. Each of the encoders 509 encodes the received uncom-
pressed stream into an MPEG audio/video content stream
510 for subsequent transmission to subscribers. As shown in
FIG. 5A, each of these streams 510 is also transferred over
a communication network 501 to the audio/video content
archiving system 500. The communication network 501 may
include ASI audio/video connections, IP connections, or
wired, wireless, or optical means of transporting the streams
510 to the archiving system 500. Further, the communication
network 501 may include various components, such as
communication switches, routers, and the like; such com-
ponents are not depicted or discussed further herein to
simplify the discussion provided below.

Typically, each of the encoded audio/video content
streams 510 may be received by exactly one of the audio/
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video archiving devices 502 of the archiving system 500,
although receipt of a stream 510 by two or more device 502
may be undertaken to facilitate redundancy in storage of the
stream 510. In the case of an IP connection, the audio/video
content streams 510 may be transferred using an IP multicast
protocol. Such a protocol would allow each of the audio/
video content archiving devices 502 to subscribe to a
particular subset of the encoded streams 510, and thus ignore
the remaining streams 510. Other types of communication
connections, such as point-to-point or broadcast connec-
tions, using ASI, IP, or other communication protocols, may
be employed in other implementations.

In one implementation, the number of audio/video content
archiving devices 502 may be determined in part by the
number of audio/video content streams 510 to be indexed
and stored. As a result, the overall size of the archiving
system 500 may be closely tailored, and subsequently
increased or decreased incrementally, to efficiently archive a
large and changing number of content streams 510 by
altering the number of archiving devices 502 employed in
the system 500.

Each of the audio/video content archiving devices 502
may index the encoded audio/video content streams 510 it
receives as described in detail above with respect to the
device 302 of FIG. 3. Each of the devices 502 may also store
the resulting indexed streams 512 in the data storage system
504 in a fashion similar to that discussed above with respect
to the archiving device 302 and associated data storage
system 304 of FIG. 3.

In one example, the audio/video archiving system 500 is
configured to index and store the most recent audio/video
content streams 510 and related metadata streams 511. As a
result, once the data storage system 504 is filled with streams
512 previously stored, each of the archiving devices 502
may be adapted to overwrite the earliest of the previously-
stored streams 512, as if the data storage system 504 were
fashioned in a first-in, first-out (FIFO) configuration. Also,
in some implementations, the indexed audio/video content
streams 512 may be stored in a lower resolution than what
was originally received from the MPEG encoders 509, or
otherwise compressed or transcoded, in order to conserve
storage space in the data storage system 504. However, such
data compression is not required.

In one embodiment, other data streams, such as metadata
streams 511 associated with the encoded audio/video content
streams 510, may be transferred to at least one of the
audio/video content archiving devices 502 via the commu-
nication network 501 as described above in conjunction with
the audio/video content streams 510. Each archiving device
502 receiving the metadata streams 511 may then index and
store the metadata streams in the data storage system 504 in
a fashion similar to that employed for storing the indexed
audio/video content streams 512.

One example of the metadata streams 511 may include
data associated with an electronic program guide (EPG)
supplied to subscribers of the audio/video streams 510 for
locating, viewing, and recording programs of interest to the
subscribers. Another possible type of metadata stream 511
may be channel lookup information associated with each of
the audio/video content streams 510. For example, the
channel lookup information for a particular stream 510 may
include an identification of the particular satellite, the spe-
cific transponder of the satellite, and the particular frequency
or bandwidth associated with the specific transponder, which
carries the associated audio/video content stream 510. As
shown in FIG. 5A, a metadata source 508 produces the
metadata streams 511. In one example, the metadata source
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508 may include one or more digital video broadcasting
(DVB) tables containing the information. Other metadata,
such as subscriber or access security information, may also
be incorporated within the metadata streams 511.

In one implementation, each audio/video content
archiving device 502 receiving one of the metadata streams
511 may index and store the metadata stream 511 as an
indexed metadata stream 513 separately from the indexed
audio/video content streams 512. Under another scenario,
the metadata streams 511 may be integrated or incorporated
within one or more associated indexed audio/video content
streams 512. In using this latter method, an indexed audio/
video content stream 512 and associated metadata stream
511 may both be searched and retrieved using the same
indexes, such as the timestamps TS depicted in FIG. 4.

FIG. 5B is a block diagram of the audio/video content
archiving system 500 depicted during request and retrieval
operations. While the reception/storage aspects of the
archiving system 500 are illustrated separately from its
request/retrieval operations, the system 500 typically pro-
vides both sets of functions illustrated in FIGS. 5A and 5B
simultaneously or concurrently.

In FIG. 5B, each of one or more audio/video clients 530
are configured to issue one or more requests 514 via the
communication network 501 to the archiving system 500 for
portions of previously stored audio/video content streams
512 and/or metadata streams 513. Such a request 514 may
be issued to review a specific portion of an audio/video
content stream 512, a related metadata stream 513, or both,
previously broadcasted during a particular time period, as
described earlier. In some cases, the request may be initiated
by a subscriber of the content stream 512, 513, a govern-
mental entity, or another organization or individual.

In one embodiment, the request 514 is issued to one of the
audio/video content archiving devices 502 of the system
500. In turn, the device 502 receiving the request 514 may
consult a previously-generated database or catalog residing
therewithin as to the location of the requested portion 516 of
the audio/video content stream or the requested portion 517
of the metadata stream selected by the request 514. The
requested portion 516, 517 may be accessible by way of the
audio/video content archiving device 502 receiving the
request 514, or via another of the devices 502 by way of the
request 514 being forwarded to the device 502 providing
access to the requested segment 516, 517.

In another implementation, the request 514 transmitted
over the communication network 501 may be forwarded to
all of the archiving devices 502 substantially simultane-
ously. Each of the archiving devices 502 may then consult
its own database or catalog to determine if the device 502
originally received, indexed, and stored the stream associ-
ated with the requested 514. The archiving device 502
having access to that stream may then retrieve the requested
portion 516, 517 of the stream from the data storage system
504 and transfer the portion 516, 517 by way of the
communication network 501 to the audio/video client 530
initiating the request 514.

According to yet another example, the audio/video client
530 may transfer the request 514 to a separate database
system 540 by way of the communication network 501. The
database system 540 contains a database indicating the
location of the various indexed streams 512, 513 within the
data storage system 504. Each of the content archiving
devices 502 may be responsible for generating a portion of
the database corresponding to the streams 512, 513 it has
stored to the data storage system 504. Upon receiving the
request 514, the database system 540 may then determine
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which archiving device 502 in the system 500 would have
access to the requested portion 516, 517 of the stream, and
forward that request to the appropriate device 502.

In each case described above, one of the archiving devices
502 retrieves the requested portion 516, 517 of the selected
stream, which may be stored in the data storage system 504
within one or more audio/video files AVF (as shown in FIG.
4), transfer the requested portion 516, 517 over the com-
munication network 501 to one of the audio/video clients
530, such as the one originating the request 514. Such a
transfer may occur as described above in connection with
the audio/video archiving device 302 of FIG. 3. Prior to
transferring the requested portion 516, 517, the archiving
device 502 performing the transfer may remove any time-
stamps TS or other overhead information not originally
contained with the associated received stream 510, 511.

In one implementation, the audio/video client 530 may
receive the requested stream portion 516, 517 as an IP
stream, such as by way of an IP multicast protocol, a
broadcast stream, a point-to-point connection, or other com-
munication means. In particular, the use of an IP multicast
system allows each client 530 to subscribe to, and subse-
quently receive, a particular requested portion 516, 517 of a
selected audio/video content or metadata stream. If, instead,
the client 530 is configured to accept and buffer some or all
of the requested portion 516, 517, the archiving device 502
responsible for transferring the requested portion 516, 517
may transter that information in one or more distinct files
over the network 501 to the target client 530.

Optionally, one of the audio/video clients 530 may receive
one or more of the audio/video content streams 510 and/or
metadata streams 511 over the communication network 501
as they are being received by the archiving system 500. As
is the case with the archiving devices 502, each client 530
may receive the streams 510, 511 by a point-to-point con-
nection, a broadcast connection, or a multicast connection,
such as that often employed in an IP network. In the case of
multicasting, the client 530 may subscribe to the streams
510, 511 of interest in a manner similar to that performed by
the archiving devices 502, as described above.

FIG. 6 provides an implementation of a data storage
system 604 similar to the data storage system 504 of FIGS.
5A and 5B. In FIG. 6, the data storage system 604 includes
at least one data storage subsystem 604A that is specifically
associated with each of a plurality of archiving devices 602
residing with a larger archiving system 600. In this arrange-
ment, each of the data storage subsystems 604A receives
indexed audio/video streams 612 and associated metadata
streams 613 from the single archiving device 602 with
which the storage subsystem 604 A corresponds. As a result,
little or no communication between the data storage sub-
systems 604 A is necessary, possibly streamlining commu-
nications between each storage subsystem 604A and its
associated archiving system 602. In another arrangement,
the various data storage subsystems 604A may be commu-
nicatively coupled together so that any archiving device 602
may process requests for any stream portion stored within
the data storage system 604. Also, under such an arrange-
ment, one or more data storage subsystems 604A may
provide spare or redundant capacity for another storage
subsystem 604 A to protect against a failure of a single data
storage system 604A resulting in the loss of information
within one or more of the stored streams.

At least some embodiments as described herein for
archiving audio/video content streams and related metadata
streams may provide a number of benefits. In general, the
content streams may be stored for later retrieval as encoded

25

40

45

55

10

immediately prior to transmission of the streams to the
subscriber or end user. As a result, re-encoding or transcod-
ing of the stream specifically for storage is not necessary,
thus eliminating a processing step often employed in other
audio/video archiving devices. Further, by storing the
streams at the same resolution or compression ratio as
provided to the subscribers, the saved content will be the
same as that experienced by the subscriber. Also, systems in
which multiple audio/video content archiving devices are
employed within a single archiving system may allow a
content distributor to easily scale the size and cost of the
archiving system to their particular needs, both now and in
the future.

While several embodiments of the invention have been
discussed herein, other implementations encompassed by
the scope of the invention are possible. For example, while
various embodiments have been described primarily within
the context of satellite and cable audio/video content pro-
viders or distributors for onsite archival of distributed con-
tent, other entities that either distribute or receive multiple
content streams containing any or all of audio, video, or
some other information stream in a real-time fashion may
benefit from application of the various concepts described
herein. For example, satellite or cable radio transmissions
may be stored for subsequent retrieval by employing at least
some of the concepts provided herein. In another implemen-
tation, telemetry or mapping information streams received
by way of satellite or other communication means may be
stored and retrieved by employing several aspects of the
embodiments discussed above. In addition, aspects of one
embodiment disclosed herein may be combined with those
of alternative embodiments to create further implementa-
tions of the present invention. Thus, while the present
invention has been described in the context of specific
embodiments, such descriptions are provided for illustration
and not limitation. Accordingly, the proper scope of the
present invention is delimited only by the following claims
and their equivalents.

The invention claimed is:
1. A method utilizing at least one computing device for
archiving audio/video content, the method comprising:
receiving, from a broadcast audio/video distribution cen-
ter, a first plurality of audio/video content streams,
wherein each of the received first plurality of audio/
video content streams has the same audio/video content
as a corresponding one of a second plurality of audio/
video content streams being broadcasted over a broad-
cast audio/video distribution system to a plurality of
subscribers;
segmenting the received audio/video content of each of
the received first plurality of audio/video content
streams into a series of audio/video segments, wherein
each one of the series of audio/video segments includes
a respective portion of the received audio/video con-
tent; and
locating one of a plurality of indexing data between each
one of the series of audio/video segments, wherein
each one of the plurality of the indexing data is asso-
ciated with an adjacent audio/video segment in the
series of audio/video segments,
each one of the plurality of the indexing data includes
at least a timestamp that identifies a time of broad-
cast to the plurality of subscribers of the portion of
the received audio/video content of the adjacent
audio/video segment associated with the timestamp;
and



US 9,471,680 B2

11

the series of audio/video segments and the indexing
data for each one of the series of audio/video content
segments define a corresponding one of a plurality of
indexed audio/video content streams; and
storing each of the plurality of indexed audio/video con-
tent streams in a data storage system, wherein each
stored indexed audio/video content stream has respec-
tive series of audio/video segments and respective
indexing data located between the adjacent audio/video
segment and a next segment of the series of audio/video
segments.
2. The method of claim 1, further comprising:
after the broadcasting of the second plurality of audio/
video content streams to the plurality of subscribers,
receiving a request from a requesting party for a
requested portion of a specified one of the second
plurality of broadcasted audio/video content streams,
wherein the request specifies a time period of broadcast
for the portion of the specified one of the second
plurality of broadcasted audio/video content streams;

identifying, in the indexed audio/video content stream
corresponding to the requested portion of a specified
one of the second plurality of broadcasted audio/video
content streams, a corresponding indexed audio/video
segment that that is associated with the timestamp that
corresponds to the specified time period of the broad-
cast; and

retrieving at least the respective indexed audio/video

segment associated with the timestamp from the data
storage system, wherein the retrieved respective
indexed audio/video segment corresponds to the
requested portion of the specified one of the second
plurality of broadcasted audio/video content streams;
and

transmitting at least the retrieved indexed audio/video

segment to the requesting party.

3. The method of claim 2, wherein the transmitted
retrieved indexed audio/video segment is transferred as a
multicast audio/video steam.

4. The method of claim 2, wherein the requesting party is
a governmental entity that issues the request to review the
requested portion of the specified one of the second plurality
of broadcasted audio/video content streams.

5. The method of claim 1, wherein the storing each of the
plurality of indexed audio/video content streams in the data
storage system comprises:

storing at least one of the plurality of indexed audio/video

content streams in the data storage system in a resolu-
tion that is lower than a resolution of the received
corresponding one of the first plurality of audio/video
content streams.

6. The method of claim 1, wherein the storing each of the
plurality of indexed audio/video content streams in the data
storage system comprises:

compressing the audio/video content of the stored audio/

video segments of at least one of the plurality of
indexed audio/video content streams, wherein storage
space in the data storage system is conserved.

7. The method of claim 1, further comprising:

generating at least one of a directory or a catalogue with

information that identifies each of the indexing data and
an associated adjacent audio/video segment, wherein
the information indicates a storage location within the
data storage system of each of the stored indexed
audio/video content streams; and
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storing the directory or the catalogue with the information
into a database separately from the stored indexed
audio/video content streams,

wherein the retrieving of the respective audio/video seg-
ment corresponding to the requested portion of the one
of the second plurality of broadcasted audio/video
content streams is based on the information obtained
from the directory or the catalogue.

8. The method of claim 1, wherein the received first

plurality of audio/video content streams are non-encoded,
non-compressed audio/video content streams, and the
method further comprising:

encoding at least one of the received non-encoded, non-
compressed first plurality of audio/video content
streams into a corresponding encoded audio/video con-
tent stream; and
compressing the encoded audio/video content stream into
a corresponding of encoded and compressed audio/
video content streams.
9. The method of claim 1, further comprising:
receiving a metadata stream associated with at least one of
the received first plurality of audio/video content
streams;
segmenting the metadata stream into a series of metadata
segments, wherein each one of the series of metadata
segments corresponds to an associated one of the
audio/video segments of the received first plurality of
audio/video content streams; and
locating corresponding indexing data between each one of
the series of metadata segments, wherein
each one of the indexing data is associated with the
corresponding audio/video segment in the series of
audio/video segments,

the indexing data includes at least the timestamp that
identifies a time of broadcast to the plurality of
subscribers of the metadata stream, and

wherein the series of metadata segments and the indexing
data for each one of the series of metadata segments
define a corresponding indexed metadata stream; and

storing the indexed metadata stream in the data storage
system separately from the stored plurality of indexed
audio/video content streams.

10. The method of claim 1, further comprising:

receiving a metadata stream associated with at least one of
the received first plurality of audio/video content
streams; and

segmenting the metadata stream into a series of metadata
segments, wherein each one of the series of metadata
segments correspond to an associated one of the audio/
video segments;

wherein each metadata segment is stored as part of the
associated one of the audio/video segments.

11. An audio/video content archiving system, comprising:

a data storage system; and

at least one audio/video archiving device communica-
tively coupled to the data storage system and compris-
ing:

a communication interface implemented at least partially
by hardware and configured to receive audio/video
content streams and output audio/video stream por-
tions; and

a data storage interface implemented at least partially by
hardware and that couples the at least one audio/video
archiving device to the data storage system,

wherein the at least one audio/video archiving device is
configured to:
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receive, at the communication interface, at least one
first audio/video content stream, wherein the
received at least one first audio/video content stream
is one of a first plurality of audio/video content
streams that each has the same audio/video content
as a corresponding one of a second plurality of
audio/video content streams being broadcasted over
a broadcast audio/video distribution system to a
plurality of subscribers;
segment the audio/video content of each of the received
at least one first audio/video content stream into a
series of audio/video segments, wherein each one of
the series of audio/video segments includes a respec-
tive portion of the received audio/video content;
locate one of a plurality of indexing data between each
one of the series of audio/video segments, wherein
each one of the plurality of indexing data is associ-
ated with an adjacent audio/video segment in the
series of audio/video segments, wherein
each one of the plurality of the indexing data
includes at least a timestamp that identifies a time
of broadcast to the plurality of subscribers of the
portion of the received audio/video content of the
adjacent audio/video segment associated with the
timestamp;
the series of audio/video segments and the indexing
data for each one of the series of audio/video
content segments define a corresponding indexed
audio/video content stream;
each of the indexed audio/video content stream is
output from the data storage interface and is stored
in the data storage system, and
the stored indexed audio/video content stream has
respective series of audio/video segments and
respective indexing data located between the adja-
cent audio/video segment and a next segment of
the series of audio/video segments.
12. The audio/video content archiving system of claim 11:
wherein after the broadcasting of the second plurality of
audio/video content streams to the plurality of subscrib-
ers, the audio/video content archiving system is con-
figured to receive a request from a requesting party for
a portion of one of the second plurality of broadcasted
audio/video content streams,
wherein the request identifies one of the second plurality
of broadcasted audio/video content streams that corre-
sponds to the at least one first audio/video content
stream;
wherein the request specifies a time period of broadcast;
wherein the audio/video archiving system is configured to
identify, in the indexed audio/video content stream
corresponding to the identified one of the plurality of
broadcasted audio/video content streams, a correspond-
ing indexed audio/video segment that that is associated
with the timestamp that corresponds to the specified
time period of the broadcast; and
wherein the audio/video archiving system is configured to
retrieve, via the data storage interface, at least the
respective indexed audio/video segment associated
with the timestamp from the data storage system,
wherein the retrieved respective indexed audio/video
segment corresponds to the requested portion of the
identified one of the plurality of broadcasted audio/
video content streams; and
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wherein the audio/video archiving system is configured to

transmit, via the communication interface, at least the

retrieved indexed audio/video segment to the request-
ing party.

13. The audio/video content archiving system of claim 11,
wherein the audio/video content archiving system is config-
ured to generate a database indicating a storage location of
the stored indexed audio/video content stream in the data
storage system, and is configured to use the database to
retrieve the respective audio/video segment corresponding
to the identified one of the plurality of broadcasted audio/
video content streams.

14. The audio/video content archiving system of claim 11,
wherein the audio/video content archiving system is config-
ured to store at least one of the plurality of indexed audio/
video content streams in the data storage system in a
resolution that is lower than a resolution of the received at
least one first audio/video content stream.

15. The audio/video content archiving system of claim 11,
wherein the audio/video content archiving system is config-
ured to compress the audio/video content of the stored
audio/video segments of the at least one first audio/video
content stream to conserve storage space in the data storage
system.

16. The audio/video content archiving system of claim 11,
wherein the audio/video content archiving system is config-
ured to:

generate at least one of a directory or a catalogue with

information that identifies each of the indexing data and
an associated adjacent audio/video segment, wherein
the information indicates a storage location within the
data storage system of indexed audio/video content
stream and each of its series of audio/video segments
and the indexing data; and

store the directory or the catalogue with information into

a database separately from the stored indexed audio/

video content streams,

wherein the retrieving of the respective audio/video seg-

ment corresponding to the identified one of the plurality

of broadcasted audio/video content streams is based on
the information of the directory or the catalogue.

17. The audio/video content archiving system of claim 11,
wherein the audio/video content archiving system is config-
ured to:

receive a metadata stream associated with at least one of

the received first plurality of audio/video content

streams; and

segment the metadata stream into a series of metadata

segments, wherein each one of the series of metadata

segments corresponds to an associated one of the
audio/video segments;

wherein each metadata segment is stored as part of the

associated one of the audio/video segments.

18. An audio/video content archiving system, comprising:

a plurality of audio/video content archiving devices,

wherein each of the audio/video content archiving

devices comprises:

a communication interface implemented at least par-
tially by hardware and configured to concurrently
receive at least one of a first plurality of audio/video
content streams from one of a plurality of different
content sources, wherein each of the received first
plurality of audio/video content streams has the same
audio/video content as a corresponding one of a
second plurality of audio/video content streams
being broadcasted over a broadcast audio/video dis-
tribution system to a plurality of subscribers;
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a data storage interface implemented at least partially
by hardware and communicatively coupled to the
communication interface and to a data storage sys-
tem, and configured to store the received at least one
of the first plurality of audio/video content streams;
and

control logic configured to:
segment the received audio/video content of each of

the received at least one of the first plurality of

audio/video content streams into a series of audio/

video segments, wherein each one of the series of

audio/video segments includes a respective por-

tion of the received audio/video content;

locate one of a plurality of indexing data between

each one of the series of audio/video segments,

wherein

each one of the plurality of indexing data is
associated with an adjacent audio/video seg-
ment in the series of audio/video segments,

each one of the plurality of the indexing data
includes at least a timestamp that identifies a
time of broadcast to the plurality of subscribers
of the portion of the received audio/video con-
tent of the adjacent audio/video segment asso-
ciated with the timestamp;

the series of audio/video segments and the index-
ing data for each one of the series of audio/
video segments define a corresponding one of a
plurality of indexed audio/video -content
streams;

each of the plurality of indexed audio/video con-
tent streams are output from the data storage
interface and are stored in the data storage
system, and
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each stored indexed audio/video content stream
has respective series of audio/video segments
and respective indexing data located between
the adjacent audio/video segment and a next
segment of the series of audio/video segments.

19. The audio/video content archiving system of claim 18:
wherein after the broadcasting of the second plurality of

audio/video content streams to the plurality of subscrib-
ers, the control logic is configured to receive a request
from a requesting party for a portion of a specified one
of the second plurality of broadcasted audio/video
content streams, wherein the request specifies a time
period of broadcast for the portion of the specified one
of the second plurality of broadcasted audio/video
content streams;

wherein the control logic is configured to identify, in the

indexed audio/video content stream corresponding to
the specified one of the second plurality of broadcasted
audio/video content streams, a corresponding indexed
audio/video segment that that is associated with the
timestamp that corresponds to the specified time period
of the broadcast; and

wherein the control logic is configured to retrieve at least

the respective indexed audio/video segment associated
with the timestamp from the data storage system,
wherein the retrieved respective indexed audio/video
segment corresponds to the requested portion of the
specified one of the second plurality of broadcasted
audio/video content streams; and

wherein the control logic is configured to operate the

communication interface to transmit at least the
retrieved indexed audio/video segment to the request-

ing party.



